Abstract -The aim of this work was to analyze the potentiality of polarimetric P-band data for land use and land cover mapping in a site of the Brazilian Amazonia. These data are the first P-band image set gathered in the Brazilian Amazonia, so they represent an unique opportunity of analyzing the potentiality of this frequency for classification purposes. The stratification of land use/land cover classes was performed using a classification system specially developed for polarimetric data. Results showed that P-band data were able to discriminate forest and regeneration areas from crop, pasture and bare soil areas. Moreover, regeneration areas (older than 12 years) were successfully distinguished from primary forest and other regeneration stages.
I. INTRODUCTION
Microwave sensors are very important tools for monitoring tropical forest areas, due to the intense cloud cover in several regions of the Amazonian Forest. In particular, the P-band has the advantage of being more sensitive to the standing biomass variations than C and L bands, due to its longer wavelength which penetrates the forest crown, getting consequently more interaction with the tree trunks and branches [1] . The objective of this work is to analyze the potentiality of polarimetric P-band data for land use and land cover mapping in a site of the Brazilian Amazonia. It is of particular interest to know whether P-band is able to separate different stages of secondary succession, due to their role in carbon cycle.
II. METHODS
The radar data used in this work come from a mission realized in September 2000, in the Tapajós National Forest, Brazil. The radar system used belongs to the AeroSensing Radarsysteme GmbH, providing one look airborne polarimetric P-band slant range data, with a pixel spacing of 1.5m x 0.67m. In this work the complex images HH, HV and VV were used to form a 3x3 multilook covariance matrix [2] by averaging 2 x 5 (range x azimuth) pixels. Three elements of this matrix are intensity data and the others are complex data. The antenna pattern correction was done using a function based on homogeneous extended areas (primary forest).
The stratification of land use/land cover classes was performed with a classification system specially developed for polarimetric data [3, 4] . This system is strongly based on statistical properties of the multivariate data, using models that stem from the multiplicative model. Three multivariate distributions are used for data modeling: the Wishart distribution (for homogeneous areas), the multivariate K distribution (for heterogeneous areas) and the multivariate G To train the classifier and to analyze the classification performance, several samples of the aforementioned classes were selected. This selection was done using ground truth information obtained in a field work realized during the Pband campaign. All land use classes were classified by the ICM algorithm, except the floodplain class that was extracted by a threshold procedure, in which the user could choose the value range she/he is interested in. This procedure was done because the FP class showed very high digital numbers related to other classes.
III.RESULTS
The equivalent numbers of looks (n) is one of the distributions parameters used for data modeling. This parameter was estimated only once for the whole image by taking samples from homogeneous areas in amplitude data. A χ 2 goodness of fit test for the Square Root of Gamma (Γ 1/2 ) distribution was performed and the individuals n were estimated from the sample moments for those areas that had a proper fit. At the end 21 samples for each amplitude data (HH, HV and VV) were selected and the final estimate of n was computed as the mean of those individuals estimates. It is interesting to notice that about 90% of these samples were areas from primary forest and secondary succession. This might be an indication that these classes can be considered Table I contains the number of training and test pixels for each class and the color legend for the classified image. Based on the training samples, a χ 2 goodness of fit test was performed to determine the distribution that better fitted the data for each class. All classes were better fitted by the G 0 distribution, except the OR class which had the K distribution as the chosen one. This shows the flexibility of the G 0 distribution which has the Gamma distribution as a special case (for intensity data).
After the classification process, a Boolean operation was done to join the FP class to the classified image. By observing the confusion matrix (Table II) , it can be noticed that several pixels of PF class were classified as VO class (24.67%). The most confused classes were NR and CP. The NR class was misclassified as other regeneration types and primary forest. The CP class was hardly confused with BS, showing that vegetation with structure like crops and pasture has backscatter similar to bare soil for P-band data. The OR was the best mapped class among all themes. The IR class was relatively confused with the OR, but the NR class had an expressively percent of pixels classified as IR. The FP and BS classes presented good classifications. In spite of all the mistakes, the analysis of the classified image indicates a good separation among regeneration and BS-CP classes. It can be observed that P-band data is suitable for separating old stages of regeneration (12 to 25 years) from young regeneration and from primary forest, having a better performance than L and C bands [5] . The estimated Kappa coefficient ( κˆ) was 0.5642. However, if the interest is to separate regeneration and primary forest from recent activities areas (as for biomass studies), we may join CP and BS classes. In this case, κv alue rises to 0.7534. The color composition of intensity components is presented in Fig.1(a) , the classified image in Fig.1 (b) and, only for reference purposes, the Landsat-7/TM is presented in Fig.1 (c) . The TM image is geo-referenced and it is not in the same projection as the radar images. In the radar composition, the recent activities appear dark, i.e., with low digital numbers. The regeneration areas occur in middle gray levels and primary forest in light gray. The floodplain are the lightest areas. It also can be seen that these areas present different texture, being the texture of primary forest regions rougher than regeneration ones. A visual inspection of the classified image shows the high confusion between bare soil and crops/pasture regions. Fig. 2 to 4 highlight some areas of the classified (left), and TM (right) images of about the same region. The location of these areas are indicated in Fig. 1(b) by boxes 1 to 3, respectively. Fig. 2 shows the good performance of the classifier in separating VO from OR classes. It can be seen from Fig. 1(c) that this VO area is very similar to primary forest in the TM image. Although the ICM classifier had a good performance in classifying the VO pixels, it classified many pixels of PF forest as belonging to VO (as noticed in Table II) .
The top left area on Fig. 3 is an area of new regeneration that was correctly classified. The areas classified as bare soil are actually mixture areas of bare soil, pasture and crops.
The old regeneration area in Fig. 4 (light green) located at the center left, is correctly classified, as well as the neighbor area on the its right side classified as intermediate regeneration. It can be noticed that these two areas have different radiometry in the radar images, but similar radiometry in the TM image.
The box 4 in Fig. 1(b) highlights the confusion between bare soil and pasture/crops, showing that many areas of pasture and crops are classified as bare soil (also seen in the confusion matrix).
IV. CONCLUSIONS This paper addressed the potentiality of P-band data for classification purposes. Although the classification performance was not very good for some classes, such as for pasture/crops (which had many pixels classified as bare soil) and for new regeneration (misclassified as other types of regeneration), regeneration on advanced stages were well classified. Therefore, we may say that the polarimetric information provided by P-band data was meaningful on the discriminatory process. 
